Abstract: Taro tubers locally known as Semir are potentially used as a source of starch. Taro Semir starch can be used as a substitute of rice flour in the raw material of rice vermicelli. However, native taro starch has not been optimally utilized due to poor functional and poor pasting properties. Thus, further treatment is needed to improve their properties. The ideal characteristics of starch as a raw material of vermicelli are low swelling volume, stable against heating and stirring, and fast-rising value of setback viscosity. The aim of this research was to determine a suitable physical modification to produce functional and pasting properties of taro Semir starch. The physical modifications were applied in preparing taro Semir starch includes Heat Moisture Treatment (HMT) at 110°C for 8 hours, Heat Pressure Treatment (HPT) at 120°C 1 hour, Microwave Heat/Moisture Treatment (MWT) with 100W 20 minutes, and Osmotic Pressure Treatment (OPT) at 120°C 30 minutes. Those modified taro Semir starch were compared with the native taro Semir starch. Taro Semir starch modified by HMT revealed with the best performance compared to others modification. The obtained characteristic of this starch were swelling volume of 6.57±0.80 mL/g, solubility of 5.80±0.29 %, water absorption capacity of 2.59±0.09 g/g, gel strength of 3,518±0.17 gF, syneresis percentage of 5.39±2.31 %, pasting temperature of 83.65±0.77°C, peak viscosity 4,349.17±192.61 cP, breakdown viscosity 494±33.81 cP, and setback viscosity of 2,413±165.85 cP. It was concluded that HMT at 110°C for 8 hours considered as the best method of modification for the Taro Semir starch.
Introduction
Taro as food material is quite popular in Indonesia and available in a high quantity especially from taro production centers in Papua and Java (Bogor, Sumedang, and Malang). Taro Semir (Colocasia esculenta L. Schott) is the one type of taro becomes the main agricultural commodities in Sumedang, West Java, Indonesia. The production of taro Semir in this region is considered high enough with the production reached up to 3.539 tons in 2014. However, Taro Semir as a potential type of taro received less attention from the public. In addition, taro Semir can be used as a source of starch provided further investigation to meet the required starch characteristics [1] . Fresh taro is easily damaged during storage due to a high-water content of 63-85% like other fresh food. Thus, the effort on the taro processing usually aims to extend the shelf life which is recently only limited to boiling, steaming, and making taro chips products. Indeed, taro can be processed into intermediate products such as starch by introducing a process to improve the starch content in taro (70-80%). Furthermore, effort on extending shelf life to a starch encourages the emergence of more diverse products and the development of starch-based industries which in turn increase the selling value of taro commodities [2] .
Taro starch can be used as a substitute for rice vermicelli which is processed food such as noodles made from nongluten. Vermicelli is made from rice flour and noodles. Vermicelli also made from starch such as tuber (potato, sweet potato, and tapioca), green bean, ganyong, palm and sago starches. The taro starch has not yet widely utilized as a raw material of the product due to its poor starch characteristics. The ideal starch characteristics are low starch swelling ability, stable against heat and stir, and rapid setback viscosity [3] [4] . Taro starch generally poses a temperature gelatinization varying between 54.4-85.5°C [5] [6] [7] which is higher compared to potato starch and cassava starch [8] . However, it has several deficiencies such as high starch swelling, unstable to heating and stirring, and weak setback viscosity [6, 9, 10] .
In order to obtain ideal starch characteristics for the vermicelli products, the physical modification process of Heat Moisture Treatment (HMT) proposed by many researchers. This modified method is a hydrothermal process with heating of starch granules above the glass transition temperature for a long period of time (1-24 hours) . In addition, this process takes place at a limited moisture content (<35%) and high temperature (80-140°C). The obtained characteristics of starch are low swelling volume, being stable against heating also stirring and a rapid setback viscosity [3, 11] . The HMT modification may restrict the capacity of starch swelling, decrease the value of breakdown and increase the value of setback on sweet potato starch and rice starch to allow the application in vermicelli [3, 11] . In addition, this method able to improve the characteristic of starch sticks by a simple and environmentally safe process [12] .
Others developed physical modification methods are the Heat Pressure Treatment (HPT), the Microwave Heat/Moisture Treatment (MWT), and the Osmotic Pressure Treatment (OPT). The HPT is a modification of starch by a heating process under high-pressure steam. The MWT is a modification by using a device with nonionized energy and vibration of electromagnetic molecules at high frequencies capable to raise the temperature rapidly and homogeneously penetrated into the starch. The OPT is a modification method by initially preparing a starch suspension in a saturated sodium sulfate solution followed by a drying process at a temperature between 100-120°C [13] . The HPT and MWT methods are known to decrease swelling volume, breakdown values, and increase setback value on cassava starch and potato starch [14] . In addition, the OPT method not only decreases swelling volume and breakdown value but also decreases the setback value on cereal starch [15] .
To the best knowledge of the authors, the information about the functional properties and the profile of starch made from taro Semir starch remain very limited to compare with the various application of modified methods such as HMT, HPT, MWT, and OPT. Therefore, this recent investigation aims to determine the effect of taro Semir starch modification by HMT, HPT, MWT, and OPT methods to the functional properties and gelatinization profile of the starch.
Materials and Methods
The materials used in this investigation were a taro Semir received from varieties with 12 months harvest age (received from Sumedang, West Java, Indonesia), distilled water and sodium sulfate (Na2SO4) received from Merck. The physical modifications were applied in preparing taro Semir Starch with various methods includes Heat Moisture Treatment (HMT) at temperature of 110°C for 8 hours, Heat Pressure Treatment (HPT) at temperature of 120°C 1 hour, Microwave Heat/Moisture Treatment (MWT) with 100W for 20 minutes, and Osmotic Pressure Treatment (OPT) at temperature of 120°C for 30 minutes. The functional properties were evaluated based on the measurement of swelling volume and solubility, water absorption capacity, gel strength and freeze-thaw stability [3] . The pasting properties and gelatinization profile obtained from Rapid Visco Analyzer (RVA) [3] consists of the initial gelatinization temperature, peak viscosity, breakdown viscosity, and setback viscosity. The statistical analysis was done by analyzing the experimental data using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test (α=0.05).
Results and Discussion

Functional Properties
3.1.1. Swelling Volume Table 1 showed the swelling volume of native and physical-modified taro Semir starch. Taro Semir starch obtained from modified treatment showed a significantly different compared to native taro starch. The result of modified treatment showed a decreased swelling volume. This decreased was influenced by the improved interaction between amylose and amylopectin caused strengthening the intramolecular bond, and the change of crystalline arrangement in starch [16] . The decrease in swelling volume was also influenced by the formation of the amylose and lipid complexes presented in starch inhibited the development of granules during the modification process [17] . Amylose was able to form complexes with free fatty acids, glycerides fatty acid components, iodine, and some alcohols [16] . Taro Semir starch obtained from the modification of HMT and HPT gave significantly different effect compare to taro starch obtained from the modification of MWT, OPT, and its native starch, as shown in Table 1 .
Swelling volume of taro Semir starch obtained from HMT modification was not significantly different compared to the HPT modification. Similarly, the swelling volume of taro Semir starch obtained from MWT modification was not significantly different from the treatment of pseudo-modification (HPT). The decrease of swelling volume of the starches obtained from HMT and HPT modifications were higher than from MWT and OPT modifications. These were might due to the level of damage to starches granules induced by HMT and HPT modifications were higher than from the MWT and OPT modifications. This was in agreement to the reported study of [1] , that the HMT process provides cracking and inner forming of the taro starch granules affected by the prolonged treatment (16 hours) and the limited moisture on the treatment restricted gelatinization. The effect of this process occurs only on the concentric rings on the outside of the granule. Therefore, the uninterrupted original granules become more crystalline and stable. In addition, the HPT modification in the study also resulted in the presence of polymers that melt on taro starches. The study showed that the HPT modification generated major damage to the starch granules due to high temperature and pressure. The starch obtained from MWT and OPT modifications did not provide a significant swelling volume change compared to start from the HMT and HPT modifications. The swelling volume given from OPT did not as significant as from the HPT. This may due to the heating process in an autoclave was only for 30 minutes. It was reported that HPT modification produces holes in some corn starch granules, while the OPT modification produces holes with the formation of wrinkles and donut shape [15] . Similarly, the result of the MWT modification produces a slight change in the shape of the starch granules to be slightly more aggregated than the native starch. Therefore, it was emphasized that significant swelling volume change in the HMT and HPT may due to the morphological changes occurred significantly.
Furthermore, the HMT modification decreased the swelling volume due to the temperature process causing rearrangement of the starch crystalline portion and amorphous structure changes [18] . The energy absorbed during HMT heating unfolded the double helix of amylopectin and facilitated the regulation or formation of new intermolecular bonds. Similarly observed that the decreased the swelling volume occurred on the starch obtained from HPT modification. The HPT modifications suppressed starch granules rapidly created bonds between molecules in the associated starch resulted in the stronger bonds [8] . Similarly reported from a previous investigation [14] that the HPT modification on Dioscorea alata starch with 30% moisture content at a temperature of 120°C for 1 hour resulted in the decrease of the swelling volume.
The decrease of swelling volume of the starch obtain from MWT modification was not as large as to the starch obtain from HMT and HPT modifications. The decreased of swelling volume of the taro Semir starch obtained from MWT modification might due to the radiant energy improved the hydrogen bond strength of the starch granules established from the interaction between the amylose-amylose chain and amylose-amylopectin. The decrease in swelling volume was also caused by the rearrangement of the crystalline area of the starch granules. The decrease in the swelling volume was also occurred due to MWT application for three types of maize starch, reported elsewhere [19] . Similar to the MWT, the OPT also did not decrease the swelling volume significantly compared to the starch obtained from HMT and HPTmodifications. The decrease of swelling volume of the starch received from the OPT might due to Na2SO4. Also, the presence of high pressure and temperature suppressed the bond between starch molecules. Anions in salt contributed more effects than cations. The SO4 2-ions protected the starch granules by strengthening hydrogen bonds of the starch molecules. Thus, the presence of these ions stimulated in a decrease of swelling volume [20] . Similar to HPT modification was also influenced by steam pressures that suppressed the starch granules caused the bonds in the starch molecule change. Indeed, this OPT modification was performed only for 30 minutes resulted in a swelling volume incomparable to the starch obtained from the HPT modification performed for 1 hour. Similarly, it was reported for the decrease of the swelling volume of the cornstarch by OPT modification at a temperature of 120°C for 30 min [15] .
Solubility (Amylose Leaching)
Taro Semir starch obtained from HPT, MWT, and OPT modifications generated a significantly different effect on solubility compared to native taro sSmir starch and taro Semir obtained from HMT modification, as shown in Table 2 . However, the change of the amylose leaching property of the starch received from HPT, MWT, and OPT modifications did not significantly observe. It was suspected that the pressure on the HPT and OPT modifications caused remarkable changes of the amorphous parts. The radiation energy of the MWT greatly affects the amorphous portion. Improvement on the amorphous area of the starch might due to the increased of amylose leaching for all three treatments. In contrast, the effect of amylose leaching on the OPT modification was quite significantly different compared to other treatments, the effect of amylose leaching for those others three treatments considered insignificant. The starch obtained from OPT modification caused an increase in the amorphous area of the starch granules leads to more susceptible to water-soluble than the crystalline area. Therefore, the larger amorphous area generated a higher leaching amylose [15] . This result was in agreement to the reported study on cornstarch and potato starch treated by OPT modification for 30 min [2] . The amylose leaching of starch obtained from HPT modification was increased compared to the native starch. This was due to the HPT modification provided the most noticeable large amorphous area of the starch molecule. This result was in agreement to the reported study [21] on taro starch obtained from HPT modification with 25% moisture content at 110°C for 1 hour. However, these results did not in accordance to the reported HPT modification on Dioscorea alata [8] , on cassava and pinhao starches [14] in which decrease on the amylose leaching. According to ref. [8] , the pressure on HPT modification compressed the starch granule structure hinders the mobility of the soluble amylose molecule. The increase of amylose leaching observed in HPT modification formed a hole in the starch granules caused easily disintegrated.
Similarly, the MWT modification also offered a tendency of increasing the amylose leaching compared to native starch. This increase in amylose leaching might due to radiation energy caused the widening of the amorphous area [22] . The most preferable state of the water-soluble amylose was in the amorphous area of the free form or bound to fat [19, 23] . The energy emitted by the microwave for 10 minutes was sufficient to cut the branch of amylopectin into a smaller fraction or a straight chain polymer initiate structural changes to enable water to get into the starch. This result was in agreement to the study of taro starch obtained from MWT modification reported elsewhere [21] .
The HMT modification for the native taro starch did not provide a significant effect on the amylose leaching. This might due to the HMT modification occurred only on the concentric rings of the outside granule caused less effect on the original granules to create more crystalline formation and stable [1] . A strong interaction of amylose or amylopectin prevented amylose leaching occurred. Generally, the HMT modification caused a decrease in the starch amylose leaching, though did not always derive a significant decrease. The HMT modification on the sweet potato starch decreased the properties of amylose leaching, but this process on sweet potato starch increased the amylose leaching as reported elsewhere [3] . The different properties of amylose leaching received from various treatments may due to the molecular structure of amylopectin (chain length, branching, molecular weight, and polydispersity), starch composition (amylose-amylopectin ratio, amylose-lipid complex, and phosphorus content), and granular structure (ratios of crystalline-amorphous regions). Also, the different properties of amylose leaching influenced by water content, temperature, and duration of the treatment.
The Water Absorption Capacity
The treatments on native starch increased the capacity of water absorption of the starch as shown in Table 3 . The taro Semir starch obtained from HMT, MWT, and OPT modifications received a significant effect compared to the native taro starch and starch obtained from HPT modification. The alteration of water absorption capacity of the starch received from HPT modification might due to a high temperature and pressure of the HPT modification generated cracking and forming the secondary inner granules on the taro starch [1] , and even created holes in some corn starch granules [15] . In contrast, the HMT, MWT, and OPT modifications produced a starch with an insignificant alteration of water absorption capacity. This may due to the remarkable damage of starch granules were observed [1, 15] and revealed to relatively similar water absorption capacity.
The taro Semir starch obtained from HMT modification received higher water absorption capacity compared to the native starch. This HMT modification improved the starch hydrophilic properties caused by adsorption of some hydrogen bonds to the boundary between the amorphous and the crystalline area. Similarly, also reported in ref [20] on the HMT modification to the starch with 25% moisture content at a temperature of 110° C for 3 hours. Similarly, also observed for the starch obtained from the MWT modification increased in water absorption capacity. Structural changes of the starch by microwaves radiation allowed water easily to get into the starch granules.
The starch obtained from the HPT modification provided the highest water absorption capacity compared to other treatments. According to ref [8] , during the pressurization process of HPT modification, the damage to intramolecular hydrogen bonds occurs. The hydrogen bonds played a role in maintaining the structure of granular integrity and transformed into free hydroxyl groups function water absorber. This indicated that the HPT modification was capable of producing more hydroxyl groups than other treatments.
The increase on the water absorption capacity for the starch obtained from OPT modification assumed due to the ions in Na2SO4 salts capable on weakening the bond of the starch molecules [24] where the cationic ions were more dominant than anionic ions [24] .
The Gel Strength
Taro Semir starches obtained from modified treatments offered gel strength significantly different compared to native Semir taro starch as shown in Table 4 .The gel strength was caused primarily by retrogradation that was more affected by the presence of amylose than amylopectin [14] . It was also suggested that the increase of amylose leaching lead to the increase of gel strength and high granular solubility, the gel become harder due to the release of amylose to form the gel matrix [25] . However, the increase or the decrease of the solubility allows the increase in gel strength [11] . Generally, the HMT and HPT modifications increased the strength of the starch gel. This was in agreement to the reported HMT modification on the sweet potato starch with 25% moisture content at temperature 110°C for 8 hours and on cassava starch and pinhao starch obtained from HPT modification with moisture content 22% at temperature 120°C for 2 hours [14] . The HMT and HPT modifications increased the crosslinking between starch chains especially in the amylose fraction [14, 16] . Therefore, increased the formation of the junction zone of the matrix or tissue of the amylose bond leads to increase of the gel strength. This result was in agreement to the study using a similar method on wheat reported elsewhere [26] . This MWT modification caused the increase in the recrystallization of amylopectin in starch to lead to the improved of the gel strength.
The result of this study showed that the treatments tended to increase gel strength. However, this improvement was not significantly different compared to the native starch. This assumed due to apparently influenced by the occurrence of partial gelatinization at high temperatures and was not enough time required for the transformation of some of the starch structure to form a gel [11] . Also, the radiation energy might cause some starch granules disintegrated lead to hardly form a gel [26] .
Freeze-Thaw Stability (Syneresis Percentage)
Taro Semir starch obtained from HMT and HPT modifications offered a significantly different effect compared to the MWT and OPT modifications, and the native taro Semir starch, as shown in Table 5 .
The syneresis percentage on Taro Semir starch obtained from HMT modification was not significantly different compared to the starch obtained from HPT modification. Similarly, taro Semir starch obtained from MWT modification did not differ significantly compared to the starch obtained from the OPT modification. Compared to the native starch, the modified treatments decreased the syneresis percentage of the native taro starch. The HMT and HPT modifications provided more effective in reducing syneresis than MWT and OPT modifications. This might due to HMT and HPT modifications provide larger damage to the starch granules compared to the HMT and HPT modifications [1] . Usually, physical modifications decrease the starch syneresis. The lowest value of syneresis obtained from HMT and HPT modifications indicated that starch has a greater freeze-thaw stability or more stable the syneresis against frozen storage temperatures. Thus, taro Semir starches obtained from HMT and HPT modifications offered an excellent stability against frozen temperature storage. Hydrothermal modification treatments such as HMT and HPT causes the amylopectin molecule rearrangement and produces more hydroxyl bonds that absorb more water and reduce syneresis [21] . Taro Semir starch obtained from HMT and HPT modifications assumed to have more hydroxyl bond indicated by larger damage occurred to absorb more water compared to MWT and OPT modifications. This result was in agreement with the taro starch obtained from HMT and HPT modifications reported elsewhere [21] .
The MWT modification reduced starch syneresis due to microwave energy generated fast and uniform characteristic of starch. Thus, this treatment increased the strength of hydrogen bonding due to the interaction between the amylose-amylose chain and amylose-amylopectin. The OPT modification also reduced the starch syneresis. The effect of OPT modification on starch synthesis was assumed due to the involvement of Na + ions with less adsorbed water lead to decrease the syneresis. This related to the Na + ions having relatively large electrons and asymmetric structures causing relatively weak retrogradation [20] . Figure 1 showed the gelatinization profile indicating the behavior of starch viscosity observed before, during, and after the gelatinization process of the native taro Semir starch (pure starch) and modified taro Semir starches. This gelatinization profile of starch was analyzed using the Rapid Visco Analyzer (RVA) [21] . This observation provided properties of starches under investigation include the initial temperature of gelatinization, peak viscosity, heat paste viscosity, breakdown viscosity, cold paste viscosity, and setback viscosity. This result showed that the native and modified taro starch obtained MWT were belonged to A-type gelatinization profile indicated by a high peak viscosity and rapidly decline viscosity during heating. The profile curve of taro Semir starch obtained from HMT and OPT modifications were belonging to B-type gelatinization profile indicated by lower viscosity peak and the viscosity during warming did not rapidly decline. The profile curve of starch obtained from HPT modification was belong to C-type gelatinization profile indicated by weak viscosity peak and slowly decline and even increase during heating. The alteration of the gelatinization profile was caused by starch granules modification occurred by resetting of the double helical chains of starch crystals lead to improved crystallinity compared to native starch [16] . The significant change observed on the gelatinization profile of the starch obtained from the HPT modification indicated that this process capable to convert A-type into C-type starch. A-type, B-type and C-type starches indicated for the starch possessing high, medium and limited development ability, respectively [3] .
Gelatinization Profile
The Initial Gelatinization Temperature
The initial gelatinization temperatures of modified taro Semir starches were significantly different from native taro starch, as shown in Table 6 . The increased gelatinization temperature was associated with the decrease of swelling volume [6] . All treatments were able to increase the initial gelatinization temperature of starch taro. Starch obtained from HMT modification offered the highest increase in the initial gelatinization temperature. It was probably due to prolonged treatment (16 hours) and limited moisture content. This treatment was able to prevent the gelatinization that only occurred on the concentric rings on the outside of the granules. Therefore, the original granules remain crystalline and stable [1] . As shown in Table 6 , the starch obtained from all treatments increased their initial gelatinization temperature. In contrast, the increase of the initial gelatinization temperature of the starch obtained from HMT modification was significantly different compared to the starch obtained from MWT modification. The initial temperature of gelatinization given by each treatment might derive from a different mechanism.
Also observed that the increase in the initial gelatinization temperature occurred for the taro starch obtained from HMT modification. The presence of molecular interactions in the amorphous and crystalline parts formed strong structures with hydrogen bonds. This encouraged interactions between the amylose and amylopectin chains in the granular structure established more compact structure [25] . This result in accordance with the HMT modification on sweet potato starch reported elsewhere [3, 25] . Similarly, the initial gelatinization temperature of the starch was increased for the starch obtained from the HPT modification. This might due to the formation of amylose inter-amorous association in the amorphous parts lead to strong starch granules structure [8] . This result was in agreement to study reported elsewhere [14] , respectively for cassava starch and pinhao starch. The taro Semir starch obtained from MWT modification also offered an increase of the initial gelatinization temperature. The MWT modification enhanced crystallinity initiated by the growth of amylopectin in the crystalline area and interacts with amylose molecules in the amorphous are [12] . The increase in the initial gelatinization temperature was indicated by rearrangement of intramolecules in starch granules during the MWT modification. This result was in agreement to results using a similar method for normal cornstarch, maize waxy starch and amylomaize starch reported elsewhere [20] . Similarly, starch obtained from the OPT modification resulted in an increase of the initial gelatinization temperature. This might due to the ion SO4 2-with a symmetrical structure to preserve and strengthen the hydrogen bonds of the starch molecules. Hence, it hindered the interaction of starch with water molecules. Therefore, the enhanced hydrogen bonding leads to the increase of the gelatinization temperature [27] . This result is in agreement to the study using a similar method on the cornstarch reported elsewhere [15] . Table 7 showed the peak viscosity of the native taro Semir starch compared to the modified Taro Semir starch. The peak viscosity of the starch obtained from the HMT, HPT, and OPT modification decreased compared to the peak viscosity of the native starch, except the starch obtained from MWT modification. The HPT modification offered the lowest peak viscosity might due to given pressure formed layers outside of the starch granules leads to hinder the development of starch granules. While for the HMT and OPT modifications offered slightly decreased in the peak viscosity might due to the interaction between water molecules, amylose, and amylopectin occurring in starch granules through hydrogen bonds [28] . Therefore, this interaction derived rearrangement of the starch granule structure, i.e. the bonds were formed between amylose-amylose, amylose-amylopectin, and amylopectin-amylopectin. These bonds improved the starch granule structure resulted in decreasing peak viscosity. Instead, In addition, the decrease in peak viscosity might due to the formation of complex amylose and fat formations during the modification process [17] . This result was in agreement to the study using similar treatment for the sweet potato starch reported elsewhere [3, 26] . The peak viscosity of the starch obtained from the OPT modification also decreased might due to the formation of complex amylose and fat formations. In contrast, the peak viscosity of starch obtained from HPT modification was very sharp compared to other treatments. This result was in agreement to the study using a similar method of modification on potato starch and cornstarch, and on cassava and pinhao starches, and Dioscorea alata starch reported elsewhere [15, 14, 19] . The heating process using an autoclave generated a layer around the outer part of the partially sterilized starch granule. This layer functioned as a barrier to the incoming water and inhibiting gelatinization and pasting processes [11] . In contrast, the MWT was the only modification process that offered an increased on the peak viscosity. This might be due to the disintegration of starch granules and the re-association of amylopectin molecules and gradually undergoes gelatinization due to the vibrational motion of water molecules during microwave heating [21] . Table 8 showed the breakdown viscosity of native and modified taro Semir starches. The breakdown viscosity of the native starch and the starch obtained from MWT modification were not significantly different. In contrast, breakdown viscosities of taro Semir starch obtained from HMT, HPT, and OPT modifications were significantly different. However, the breakdown viscosity of the starch obtained from MWT modification only slightly changed from native starch. This indicated that the stability of starch against heating and stirring. The significant decreased in the breakdown viscosity for the starches obtained from HMT, HPT, and OPT modifications related to the stability of the starch paste during the heating and stirring process. Thus, the decrease in viscosity or breakdown viscosity during heating indicated that the starch more stable against heating and stirring and lead to form a paste [6] .
The Peak Viscosity
The Breakdown Viscosity
The decreased of viscosity breakdown on taro starch obtained from the OPT modification might due to the increase of regularity of the crystalline matrix and the formation of a complex between amylose and fat during the process of modification. This result was in agreement to the study using a similar method on potato and cornstarch reported elsewhere [15] . While for the decreased of the breakdown viscosity of starch obtained from HMT modification might due to the regularity of the crystalline matrix and the formation of amylose-lipid complexes that decreases the swelling capacity of granular and improved the pasta stability during heating [17] . This result was in agreement to the study using a similar method on sweet potato reported elsewhere [3, 25] .
In contrast, the lowest breakdown viscosity was obtained from the starch modified by HPT modification. This might due to the heating occurred in an autoclave created a layer outside of the starch granules [11] . This result was in agreement to the study using a similar method on cassava and pinhao starches reported elsewhere [14] .
3.2.4. The Setback Viscosity Table 9 . showed the setback viscosity of native and modified taro Semir starches. The setback viscosity of the native taro Semir starch was not significantly different from taro starch obtained from HPT and OPT modifications. In contrast, taro starches obtained from MWT and HMT modifications were significantly deferent compared to native starch. The results of this study showed that native taro starch possessed similar retrogradation capability compared to the starch obtained from HPT and OPT modifications. However, the taro Semir starch obtained from HPT modification was significantly different retrogradation capability compared to the starch obtained from the OPT modification.
In contrast, the starches obtained from MWT and HMT modifications offered significantly different viscosity setback compare to native taro starch. This indicated that probably occurred retrogradation of starch during cooling [25] . The higher the setback value indicated the higher possibility to forms a gel (increase viscosity) during cooling. Thus, the improvement on the value of the setback viscosity indicated that highly possible for the starch experienced a retrogradation. The increase of the viscosity setback on starch obtained from HMT modification might due to changes of the structural arrangement in starch molecules. This initiated from modification of starch through alteration of the hydroxyl group arrangement caused the hydrogen bonds on the starch granules and retrograded [25] . In addition, apart from the amylose re-association, recrystallization occurred in the short chain of the straight amylopectin derived from the long chain degradation of amylopectin during HMT modification [17] . This result was in agreement to the study using a similar method on sweet potato starch reported elsewhere [3, 25] . It was also perceived that the increase of the setback viscosity of starch obtained from MWT modification was due to the reaggregation of starch granules indicating the reassociation of the amylopectin branch chain.
Conclusions
It was a highlight that thermal modification under investigation offered significant alteration on the swelling volume, solubility, the water absorption capacity, percentage of syneresis, gelatinization initial temperature, peak viscosity, breakdown viscosity, and setback viscosity, but was not significant to the gel strength. It was concluded that the taro Semir starch obtained from HMT modification process was considered well-performed with the following characteristics: the swelling volume of 6.57 ± 0.80 mL/g, the solubility of 5.80 ± 0.29 %, the water absorption capacity of 2.59 ± 0.09 g/g, the gel strength of 3,518 ± 0.17 gF, the syneresis percentage of 5.39 ± 2.31 %, the initial gelatinization temperature of 83.65 ± 0.77°C, the peak viscosity 4,349.17 ± 192,61 cP, the breakdown value 494 ± 33.81cP, and the setback value 2,413 ± 165.85 cP.
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